We describe the cloning and the expression pattern of insulin promoter factor 1 in the ascidian Ciona intestinalis (Ci-IPF1). Northern blot analysis showed that transcripts appeared at the late tailbud stage and increased at the larval stage. We have raised a speci®c antibody against the Ci-IPF1-GST fusion protein to determine the spatial expression of this gene. The protein is immunodetected at the larval stage in the sensory vesicle, in the visceral ganglion and in the mesenchymal cells. Our results support the hypothesis that IPF1/IDX1 might have extrapancreatic functions during animal development, particularly in neural cells. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
Results

IDX1/IPF1
(also known as STF-1 and PDX-1) is a transcription factor encoded by a Hox-like homeodomain gene, the expression of which was initially described to be restricted to the pancreas and duodenum (Jonsson et al., 1994; Of®eld et al., 1996) . Recently it has been found in the rat that expression of IDX1/IPF1 occurs in the central nervous system (CNS) as well as in the pancreas during embryonic development (Perez-Villamil et al., 1999) .
We cloned Ci-IPF1, an ascidian homologue of the IDX1/ IPF1 gene family, from a cDNA library prepared with poly(A) 1 mRNA from Ciona intestinalis larvae (Di Gregorio et al., 1998) . Sequence analysis of the isolated cDNA clone (835 bp in length) showed that the translation start codon was absent. To obtain the missing 5 H coding sequence, a cosmid DNA library was screened with an oligonucleotide complementary to the anteriormost region of the cDNA. One of the two positive genomic clones (MPMGc119M2321Q), containing an insert of ,45 kb, was analyzed in detail by restriction endonuclease digestion and Southern blot hybridization. Overlapping restriction fragments were subcloned in pBluescript SK and sequenced. The genomic organization of the Ci-IPF1 gene encompassing the entire coding region of 1236 bp, the two introns and part of the 3321 bp promoter proximal region is schematized in Fig. 1A . It is interesting to note that the ®rst intron, positioned between the sequences encoding the hexapeptide and the homeodomain, is present among almost all Hox genes in chordates (Brown and Taylor, 1994) , while the presence of the intron in the homeobox sequence seems to be a peculiar feature of C. intestinalis homeobox-containing genes (Di Gregorio et al., 1995) . The putative Ci-IPF1 protein is 411 amino acids long on the basis of the assembled genomic and cDNA clones. The alignment of the predicted Ci-IPF1 homeodomain and hexapeptide sequences with the corresponding regions of various IDX1/IPF1 genes con®rmed its identi®cation as ascidian IPF1 protein (Fig. 1B) .
Northern blot hybridized with the Ci-IPF1 probe showed that during Ciona embryogenesis a transcript of 1.6 kb is weakly detectable at the late tailbud stage and its level has increased at the larval stage (Fig. 1C) .
In situ hybridization assays were then carried out to determine the localization of Ci-IPF1 mRNA at those stages. No signal could be detected even after long staining times probably due to the low abundance of the message. However, we analyzed the spatial expression of Ci-IPF1 protein by immunostaining with anti-Ci-IPF1 antibodies; they were raised in rabbits using a GST fusion protein as antigen and detected by Western blotting as a reactive band corresponding to the molecular weight of Ci-IPF1 in the enriched nuclear extract of larva ( Immunolocalization of Ci-IPF1 protein in Ciona larva is shown in Fig. 3 . The protein is localized into three anatomical regions: (i) the sensory vesicle or prosencephalon (Katz, 1983) , which surrounds the naturally pigmented sensory organs, the otolith and ocellus; (ii) along the visceral ganglion, which is considered the integrating center of the CNS (Nicol and Meinertzhagen, 1991) ; and (iii) in the mesenchymal cells of the trunk (Fig. 3A) . Sagittal (Fig.  3B ,D) and transversal sections (Fig. 3C ) demonstrated the presence of scattered Ci-IPF1 immunopositive cells in the CNS of Ciona larva.
In summary, our study demonstrated the presence in ascidian of a homologue of the IDX1/IPF1 gene family, the expression of which was mainly restricted to the sensory vesicle and to the visceral ganglion of the CNS at the larval stage. The reported results con®rm the conclusions of the studies on rat IPF1 (Schwartz et al., 2000) on the existence of unsuspected extrapancreatic developmental functions for this Hox-like transcription factor, suggesting that its ancestral function might be linked to differentiation of a speci®c type of neural cells.
Materials and methods
Isolation of cDNA and genomic clones
The Ci-IPF1 cDNA clone was isolated by screening a C. intestinalis library made from mRNA poly(A) 1 extracted from embryos at the larval stage using as a probe a genomic fragment, named CiHbox8, previously characterized by Di Gregorio et al. (1995) and containing the homeobox sequence of Ci-IPF1. Two genomic clones were obtained by screening a cosmidic library constructed from the Reference Library Database (RLDB, MPI for Molecular Genetic; Berlin-Dahlem, Germany; Burgtorf et al., 1998) using the cDNA insert as a probe.
Northern blot analysis
Total RNA was extracted from embryos at various stages of development according to Chomczynski and Sacchi (1987) and poly (A) 1 RNAs were puri®ed by oligo (dT)-cellulose chromatography (Sambrook et al., 1989) .
Protein fusion and antibody preparations
To obtain antibodies that speci®cally recognized the Cterminal part of Ci-IPF1, the cDNA region coding for the amino acids 323±411, lacking any homeodomain residues, The same blot as in (a) was further hybridized with a 32 P-labeled Ci-CaM cDNA probe (Di Gregorio et al., 1998) . Lane 1, RNA from unfertilized eggs; lanes 2±9, RNA from 16 blastomeres, blastula, gastrula, neurula, early-, middle-, and late-tailbud, and larva stage embryos, respectively. Fig. 2 . Detection of Ci-IPF1 protein by Western immunoblotting using the polyclonal antibody. Ci-IPF1 (arrow) was detected in the enriched nuclear extract of larva. Immunoreactivity was detected using an antiserum (1:100 dilution) that speci®cally recognizes the C-terminal region of Ci-IPF1, and it was visualized by enhanced chemiluminescence (ECL, Amersham Pharmacia Biotech). Lane 1, nuclear extract; lane 2, fusion protein puri®ed by glutathione-Sepharose 4B column.
was inserted into the expression vector pGEX-2T (Amersham Pharmacia Biotech, Italy). The peptide was expressed as a fusion protein with glutathione S-transferase using the GST gene fusion system in Escherichia coli (Pharmacia). The fusion protein was af®nity puri®ed on a glutathioneSepharose 4B column (Pharmacia) and the eluted protein was used to elicit polyclonal antibodies in rabbits (BioPat, Italy).
Whole-mount immunohistochemistry
Whole-mount immunohistochemistry was carried out on Ciona embryos at the larval stage. Larvae, ®xed as described in Caracciolo et al. (1997) , were rehydrated by successive incubations in 50, 30% ethanol and in phosphatebuffered saline (PBS) containing 0.5% Triton X-100 (PBSTx) and permeabilized with acetone for 10 min at 2208C. They were then washed several times in PBSTx, incubated for 1 h at room temperature in PBSTx with 1% DMSO, 10% goat serum (blocking serum) and incubated overnight with the anti-Ci-IPF1 antibody (1:300 dilution) at 48C in blocking serum. They were then washed in PBSTx and the immunodetection was carried out with a secondary biotinylated goat anti-rabbit antiserum (BioRad Laboratories, Hercules, CA) using nikel-intensi®ed immunoperoxidase staining with a Vectastain ABC kit (Vector Laboratories, Burlingame, CA). For sectioning, immunopositive larvae were embedded in Epon resin and 1±1.5 mm serial sections were cut and observed under a Zeiss Axiophot microscope. 
